Aorto-coronary bypass surgery is now widely used in the treatment of patients with coronary artery disease. Previous operations have been abandoned largely because of the lack of objective evidence of both symptomatic improvement and revascularization. In the assessment of this operation we have therefore used exercise ergometry and cardiac pacing to provide a more objective assessment of the value of this procedure.
significant increase in exercise performance which was related to the preoperative state of the left ventricle.
Thirty-three patients were catheterized postoperatively and in this group also clinical improvement correlated well with the results of exercise and pacing tests. Of 52 grafts, 43 (83%) were patent and there was a close association between evidence of revascularization and clinical result.
Aorto-coronary bypass surgery is now widely used in the treatment of patients with coronary artery disease. Previous operations have been abandoned largely because of the lack of objective evidence of both symptomatic improvement and revascularization. In the assessment of this operation we have therefore used exercise ergometry and cardiac pacing to provide a more objective assessment of the value of this procedure.
Patients and methods
Patients presenting with angina pectoris from November 1970 tO June 1973 were considered for surgery and admitted to hospital for evaluation. Digoxin and betaadrenergic blocking agents were stopped 48 hours before admission. Angina was graded from I to 4 using the same criteria as the New York Heart Association grading for dyspnoea. Routine chest radiographs and electrocardiograms were obtained, and fasting serum cholesterol was estimated. The patients performed a standardized exercise test in the upright position on a bicycle ergometer with recording of a bipolar chest lead.
The exercise started at i50 kpm/min and increased by increments of I50 kpm/min every 2 minutes until the Received 4 March I974.
1 Present address: National Heart Hospital, London W.i. Left and right heart cardiac catheterization was performed from the right arm after premedication with 20 to 25 mg of intramuscular diazepam. The resting left ventricular end-diastolic pressure was recorded, and the heart was then paced usually from the right atrium (or right ventricle if block developed) until the patient developed angina or a rate of i8o b.p.m. was reached. Left ventriculography was performed in the right anterior oblique projection and followed by selective coronary angiography in multiple projections, preferably using the Sones technique. A caesium iodide image intensifier was used and 35 mm cine film was exposed at 36 frames per second.
The angiographic severity of coronary artery disease was represented by a numerical score. Each major vessel was scored on a scale of 0 tO 4; o was normal, 4 total occlusion, and i to 3 stenoses of increasing severity. A similar system was applied to the left ventriculogram. Grade o was normal and I to 4 increasing extent of dyskinesia.
Postoperative follow-up
The patients were seen at 3-monthly intervals for the first year and then at 6-monthly intervals. Exercise tests were performed at each visit. A small group of patients had a postoperative catheterization similar to the preoperative study, but including graft angiography.
Clinical data
The clinical data are shown in Table i from the residual effects of major surgery. The follow-up data of the 50 patients who have been followed for more than 6 months (average I3'9 months) are therefore presented. Thirty-six (72%) of them have had no further angina; this has improved by at least one clinical grade in a further I2 (24%) patients and 2 (4%) patients areunchanged. The average grade of angina has fallen from 2-8 to o05. Fig. i shows the results of the preoperative and the latest postoperative exercise test in the 37 patients in whom data are available. Twenty-one patients with a normal preoperative ventriculogram increased their performance from an average of 47I kpm/min to 664 kpm/min (P < OOOI). The i6 patients with abnormal ventriculograms started out at a significantly (P < o os) lower average level, 3I9 kpm/min, but improved their exercise performance by a similar amount to an average of 478 kpm/min (P < o-oi). Table 4 compares the results of the pre-and postoperative studies in the 33 patients who were reinvestigated, at an average of 8 months after operation. The group includes I2 patients who either had angina or who had an attack of chest pain at rest without having evidence of infarction, and one who had an infarct (Case 3I) and later had a second operation to bypass a new lesion in the circumflex artery and gave their informed consent to reinvestigation. The remaining 20 were free of angina. 
Postoperative reinvestigations
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The results ofpre-and postoperatih group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from (Favaloro, I972; Sheldon et al., 1972) . These figures have to be compared with the expected mortality without operation. The yearly figure in patients with angina pectoris is now recognized to be in the region of 3 to 4 per cent (Zukel et al., I969; Kannel and Feinleib, I972) . This applies to a heterogeneous group of patients with all grades of disease. Recent publications have shown that the natural history is determined by the severity of the lesions. Patients with normal vessels have a lower mortality rate than the general population (Brushke, Proudfit, and Sones, I973a) (Brushke et al., 1973b) . In our patients, using 75 per cent stenosis as the criterion for inclusion the operative mortality is lower than the one-year figure as reported for each of the 2 and 3 vessel disease groups. There have been no late deaths. Our patients also include 8 patients with major stenosis of the left main coronary artery (Table 2) , all of whom survived, though this lesion is recognized to have a very high untreated mortality (Cohen et al., 1972; Brushke et al., I973b (Friedberg et al., I973) has suggested that the true incidence of new infarction is lower than that indicated by the scalar electrocardiogram.
In common with other comparable series our patients showed a significant improvement in exercise performance (Amsterdam et al., I970; Manley et al., 1970; Lapin et al., I973) . The patients with abnormal preoperative left ventriculograms had lower exercise capability both before and after operation but showed similar improvement to those with normal left ventriculograms.
The patients who were reinvestigated also showed a significant clinical improvement and increase in exercise capability. The pacing stress test (Sowton et al., I967) , which provides a more objective assessment, confirmed these findings in both ours and Manley's patients (Manley et al., 1970) . Of the I2 patients who were restudied because of chest pain, 7 had an occluded graft and all the patients who had no patent graft had postoperative angina. No patient was relieved of symptoms without a patent graft. Eighty-three per cent (43 of 52) of grafts were patent, a figure similar to that of other reported series (Sheldon et Danielson et al., 1973) . Approximately 25 per cent of grafted vessels became occluded proximally as has been previously observed (Malinow et al., 1973 
